Objectives-Shift work has been associated with an increased risk of ischaemic heart disease (IHD). Most published studies have had potential problems with confounding by social class. This study explores shift work as a risk factor for IHD after controlling for social class. Methods-The Copenhagen male study is a prospective cohort study established in 1970-1 comprising 5249 men aged 40-59. Information obtained included working time, social class, and risk factors for IHD. A second baseline was obtained in 1985-6. The cohort was followed up for 22 years through hospital discharge registers for IHD, and cause of death was recovered from death certificates. Results-One fifth of the cohort was shift working at entry with a significantly larger proportion of shift workers in lower social classes. Risk of IHD and all cause mortality over 22 years, adjusted for age only, for age and social class, and finally for age, social class, smoking, fitness, height, weight, and sleep disturbances, did not diVer between shift and day workers. The relative risk of IHD, adjusted for age and social class was 1.0 (95% confidence interval (95% CI) 0.9-1.2). Men being shift workers in both 1971 and 1985 had the same risk as ex-shift workers in an 8 years follow up from the 1985-6 baseline. Conclusions-The present study questions shift work as an independent risk factor for IHD. The results of the study emphasise the importance of controlling adequately for the interplay of shift work and social class. (Occup Environ Med 1999;56:640-645) 
Shift work has been associated with an increased risk of ischaemic heart disease (IHD). [1] [2] [3] [4] In the most recent review it was estimated that, compared with day work, shift work was associated with a relative risk of IHD of 1.4. 4 Most studies have inadequately controlled for confounding of social class and other potential confounders. Shift workers are usually unskilled or semiskilled, belonging to lower social classes than day workers. Accordingly, shift work will often be a proxy of low social class. In industrialised western countries there is an established and often very strong inverse association between social class and risk of IHD. 5 InsuYcient control for the underlying relation of shift work with social class might lead to substantial errors in estimates of the importance of shift work as a risk factor for IHD.
We tested the interplay of shift work, social class, and risk of IHD, after adjustment for major potential confounding risk factors for IHD.
Material and methods

1970-1 BASELINE
The Copenhagen male study was established in 1970-1. At 14 companies in Copenhagen covering the railway, public road construction, military, post, telephone, customs, national bank, and medical industry, all men between 40 and 59 years of age were invited to take part in a study of fitness and risk of cardiovascular disease; 5249 men, which was 87% of potential participants, agreed to participate.
The examination consisted of a questionnaire, a short interview, a clinical examination with measurements of height and weight, and a bicycle ergometer test. From the questionnaire, information was obtained about working conditions, including working hours, and lifestyle and general health factors (table 1). The information given in the questionnaire was clarified with each subject in the ensuing interview. Details on the questionnaire have already been published. 6 The questionnaire included one question on working time. The participants were asked whether they worked irregular hours, shift work, often had night work, or whether they worked day time only. The information was confirmed during the interview. The working time information was thus dichotomised into daytime work and other working hours.
The men were divided into five social classes according to a system originally elaborated by Svalastoga, 7 later adjusted by Hansen. 8 This system of classification is based on education level and job position in terms of the number of subordinates. Social class I encompassed highly educated men (professionals/ executives), social class V men with little education (unskilled workers/semiskilled workers).
Based on information on working time in 1970-1, two cohorts were constructed. Table 1 presents characteristics of men with self reported shift work, night work, or irregular working hours (shift worker), and of men with self reported regular daytime work (day worker).
There was no diVerence in the proportion of self reported drinkers between the two groups; however, among drinkers shift workers drank slightly but significantly more than day working men.
Shift workers were a little younger, included a larger proportion of smokers, and among smokers they used a little more tobacco per day. The shift working group had a larger proportion of men who deviated from the 6-9 hours of sleep a day group; some shift workers slept less, some more. Also shift workers were a little shorter and weighed a little more than day workers. There was a highly significant association with social class as >90% of shift workers belonged to the lower classes, III, IV, and V, compared with <70% of day workers. The actual proportions were: social class I: 4.7% shift workers; II: 6.5%; III: 50.4%; IV: 19.0%; and V: 21.0%. Social class III was especially interesting as it comprised an almost equal number of subjects reporting day and shift work. This group was given particular attention in the analysis. Table 2 presents the results of a multivariate analysis including factors bivariately associated with shift work in table 1. As shown the strongest associations were found for social class, a deviant sleeping pattern, and use of tobacco.
Looking at social class III alone table 3 shows the occupations reported by shift and day workers. In the shift work group almost 90% of jobs were occupations inherently associated with shift work or irregular working hours. These occupations were reported by <4% in the day work group.
Shift workers in social class III diVered from shift workers in other classes on only two factors. They drank only eight alcoholic beverages a week compared with 14 in other classes and they were on average 1.5 cm taller. THE 1985-6 STUDY In 1985-6 a second baseline was established. Participants from the 1970-1 study were traced by means of the Danish Central Population Register. All survivors (except 34 emigrants) from the original cohort were invited to take part in this baseline; 3387 (75%) agreed, their mean age was 63 years (range 53-74). Each subject was again interviewed on the basis of a previously completed comprehensive questionnaire, had blood drawn for biochemical analysis, and underwent a physical examination. In this paper only information on working time was used. Almost half of the men were retired at the time of the 1985-6 examination.
END POINTS
In 1995 a register follow up on morbidity and mortality between 1971 and 1993 was carried out. All participants were traced by means of the Danish Central Population Register. Information on hospital admissions for non-fatal acute myocardial infarction and death certificate diagnoses within the follow up period were obtained from the National Health Service register, and from the Danish Institute of Clinical Epidemiology. Both registers used the eighth revision of the international classification of diseases (ICD-8). The ICD diagnoses used were codes 410-414.
Accordingly, this study has a baseline in 1970-1 where exposure (working time schedule) and potential confounders were measured, and a second assessment of exposure in 1985-6. The analyses use the working time status in 1970-1 as the primary exposure measurement with the cohort followed up until 1993. The second measurement of exposure in 1985-6 was used for identifying groups on the basis of their schedules on both occasions, leading to six groups; day work on both occasions, shift work on both occasions, moving from shift work to day work or from day work to shift work, and having left the work force from either day or shift 2 analyses, and the regression analyses, were performed with the SPSS statistical software for Windows. 9 10 Relative risks were estimated by exp( ), where is the hazard coeYcient for the variable of interest in a Cox's proportional hazards regression model with the maximum likelihood ratio method. 11 Assumptions for use of Cox's proportional hazards were met. All risk factor covariates in the regression analysis were those measured in 1971. A two sided probability value of p<0.05 was taken as significant.
The study was approved by the ethics committee for medical research in the County of Copenhagen. Table 4 shows that in a 22 year follow up with a Cox's proportional hazards regression model, which takes time to event into account, there was no significant diVerence between shift work and day work for risk of IHD and mortality from all causes. When potential confounding factors were included in the analysis this had only minimal influence on the risk estimate, and the table shows three selected models, one where risk is adjusted only for age, one in which social class is added, and one in which all potential mediating or confounding factors that diVered between the cohorts at baseline were included.
Results
Whether looking at mortality alone or including both mortality and morbidity of IHD did not change risk estimates.
Figures 1 and 2 illustrate on a survival curve the consistency of the finding over time with the hard end points death from IHD and death from either cause. The only tendency was a slightly higher cumulative survival from IHD for shift workers in the middle of the follow up period. Table 5 shows the strong inverse social gradient in cumulative incidences of IHD during 22 years within diVerent social classes. It seemed to be completely independent of shift work, but highly dependent on social class.
When social class III was analysed separately (table 6), again no significant diVerences were found between shift and day workers in either risk of IHD or all cause mortality. Rather, there was a tendency in the opposite direction in both instances, with a slightly diminished risk for shift workers after adjustments were made for potential confounders (p=0.06).
Figures 3 and 4 illustrate the interplay of shift work, change in working time arrangements from 1971 to 1985, and the subsequent risk of IHD and all cause mortality in the 8 year follow up from 1985 to 1993. There was no increased risk for men who reported shift work in 1971 whether they changed to day work (ex-shift workers) or remained shift workers at both occasions. Shift workers having retired between 1971 and 1985-6 had a lower cumulative incidence than retired day workers, although both day and shift workers who did not want to participate in the 1985-6 study had the highest incidence.
The many shift workers in social class III and their intermediate risk of IHD would tend to diminish the importance of controlling for the underlying inverse linear gradient of social class and IHD in the cohort as a whole. We therefore reanalysed the association between shift work and risk of IHD in social classes I, II, and V only. Hereby a non-significantly increased risk of fatal IHD was found for shift workers with relative risk (RR) 1.31 (95% confidence interval (95% CI) 0.82 to 2.11).
Table 4 Absolute and relative risk (95% CI) of ischaemic heart disease (IHD) and all causes of mortality (ACM) during 22 years of follow up according to work schedule in 1970-1 (results of Cox's proportional hazards regression analysis) Incidence (% (n))
Relative 
Discussion
This study did not support the hypothesis that shift work is an independent risk factor for the development of IHD. 4 This is in accordance with three other large studies not supporting a relation. [12] [13] [14] This lack of association was not explained by competing causes of death, as the same absence of association was found with death from either cause. This is consistent with the only previous study that examined the general influence of shift work on mortality. 12 Shift workers who had changed to day work over 14 years had no increased risk compared with day workers who remained day workers, and no significantly increased risk compared with shift workers remaining in shift work (fig 4) . This contrasts with other studies that found that workers leaving shift work are at higher risk of contracting cardiovascular diseases than shift workers remaining in shift work. 12 15-19 Could the conspicuous lack of association between shift work and IHD have been the result of selection, measurement, or confounder bias? SELECTION 
BIAS
The selection of participants to the Copenhagen male study may have caused a selection of people with relatively better health than the background population of employed men in Copenhagen. Most of the population studied were employed by large organisations with certain demands on the health of new employees. At least in one of the companies, employees were subjected to pre-employment screening for hypertension, and regular health surveillance programmes were also conducted. Exclusion of this company from the analysis did, however, not change risk estimates.
The participants were middle aged at entry into the cohort and had experienced half a working life. Starting shift work often takes place in the early working years, and some 20% of new shiftworkers leave shift work within a few years for a daytime job. 20 This secondary selection process is likely to take place in the early working years, even more so as day work in many instances is used as a reward for some years of shift work. Our cohort of shift workers might thus be interpretated as a survivor population that have adjusted to the work schedule before entering the cohort. However, of five previous cohort studies that did not rely on aggregated data, three included people in the same age groups or older than this cohort, 12 21 22 and two of these found an increased risk of IHD in (middle aged) shift workers.
Furthermore, from a cardiovascular point of view participants are not very old at baseline, as very few people experience IHD before the age of 40, and then there is often a genetic basis. This is in accordance with table 1, showing that only a small proportion of men had a history of cardiovascular disease, whether day or shift workers.
MEASUREMENT BIAS
The assessment of work status was based on questionnaires at both baselines. These point estimates were validated for a part of the cohort (table 3) by comparing self assessment of working schedule with the actual job title. This validation indicated that men with shift work had been exposed to this kind of work for an extended period. That shift work seemed to be a long term exposure was further supported (fig 3) with both baselines: among men at work, two of three shift workers in 1970-1 still worked as such in 1985-6, and only a few per cent indicated that they changed from day to shift work. The workers who reported shift work both in 1971 and in 1985-6 could have changed to day work in between, but were more likely to have had at least 14 years of shift work, and thus constitute a more heavily exposed group.
The actual schedules were not reported, but the cohort was made up of men employed at 14 large private and public companies, and the shift schedules at these companies are reported to have predominantly been irregular rotating three shifts. Even so work schedules might have diVered in the amount of night work 4 and thus dilute an eVect of shift work. An analysis taking work place into account did not show diVerences across the companies, suggesting that heterogeneity of shift schedules was not responsible for the result.
The assessment of end points in the Copenhagen male study has been carried out with Day work Shift work Nonparticipants information from hospital records and the Danish morbidity and mortality registers. The validity of these registers is quite high. 23 Previous analyses in the Copenhagen male study have confirmed established risk factors for IHD: smoking, blood pressure, low density lipoprotein and high density lipoprotein cholesterol, physical inactivity, and alcohol consumption, indicating that the cohort is fairly representative of middle aged, white men living in industrialised societies. 24 
CONFOUNDER BIAS
Main risk factors for IHD were tested for (table  1) . Sleep deviation, smoking, age, weight, height, fitness, and social class significantly separated shift workers from day workers and could hereby act as confounders. Most of these could also have been mediating factors, linking shift work and IHD, but controlling or not controlling for them did not greatly change the risk estimates. Accordingly, confounder bias is an unlikely explanation for the results of this study.
CONFOUNDING BY SOCIAL CLASS
Employees working day or night, even at the same company, diVer in social class, as skilled workers more often have only day or two shift schedules, but unskilled workers more often are included in three shift schedules. When possible, maintenance and repair are carried out during daytime. As shift work occurs less often in higher social classes this would tend to confound the direction of a relation. As previously published in the Copenhagen male study, a strong inverse gradient between social class and IHD existed in a 17 year follow up. 6 Table 4 shows that this strong relation also existed after 22 years. In this study the distribution of shift workers within social classes was skewed with only a small proportion in social classes I and II being shift workers, half the population in class III, and one man in five in classes IV and V, indicating that the cohort was not a random sample of the shift working population, but rather-through the sampling of large companies-had an overrepresentation of lower civil servants. Accordingly, shift work itself was not only a proxy for low social class, more so for the middle class group who also had an intermediate risk of IHD. So it was not surprising that social class was but a minor confounder in an analysis of the entire cohort.
The nature of the influence of social class on the incidence of IHD is not known, but has, apart from lifestyle diVerences, been related to selection processes, culture, material conditions, and eVects in utero or infancy. 25 DiVerences in working conditions may play a minor part, but not to a degree that indicateed that social class might be a proxy of shift work.
Most of the previous studies that found an association between shift work and IHD have not controlled for social class. [26] [27] [28] [29] Some studies have controlled partly for social class through information on educational level or job status. 13 22 30 Only in the Helsinki heart study 21 has the eVect of this control been studied. Adjustment for social class in the form of restriction to blue collar work led to a decrease of the relative risk of shift work from 1.51 to 1.35, which was no longer significant. One study has compared day and shift working nurses 22 and found that a significantly increased risk of IHD persisted after adjustment for educational level of the spouse. Even so, people working at night are in many other ways diVerent from day workers within the same occupation and social class, including diVerences in, for example, family life circumstances and social support, known risk factors for IHD.
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Conclusion
Most of the previous studies have found a relative risk of 1.4 for shift work and IHD, but that may have been confounded by social class. This study is the first to consider the subject in a long term cohort study with a large proportion of shift workers, many fatal and non-fatal end points, and with a comprehensive control for major confounders including social class. The results question shift work as an independent risk factor for IHD. Furthermore they emphasise the importance of controlling adequately for the interplay of shift work and social class.
